Increasing evidence points to a major involvement of cortical areas in addictive mechanisms. Noradrenergic transmission in the medial prefrontal cortex (mpFC) has been shown to affect the motor effects of amphetamine, although there is no evidence of its involvement in the rewarding effects of this psychostimulant.
Introduction
Drugs of abuse belonging to different classes, although having different primary molecular targets, all increase dopamine (DA) transmission in the nucleus accumbens (NAc) (Di Chiara and Imperato, 1988; Wise and Rompre, 1989; Weiss et al., 1992; Pontieri et al., 1995; Koob et al., 1998; Robbins and Everitt, 1999) . In addition, both rewarding-reinforcing and motor-activating effects of addictive drugs are thought to depend on enhanced DA release within the NAc (Wise and Rompre, 1989; Koob et al., 1998) .
On the other hand, there is increasing evidence of a major involvement of brain norepinephrine (NE) in the behavioral and central effects of drugs of abuse. Thus, it has been shown that mice lacking norepinephrine transporter are behaviorally hypersensitive to psychostimulants (Xu et al., 2000) . In contrast, mice lacking ␣1b-adrenergic receptors are hyposensitive to the behavioral effects of psychostimulants and opioids (Drouin et al., 2002b) and to the enhancing effects of amphetamine (Amph) on dopamine release in the accumbens (Auclair et al., 2002) . In addition, prazosin, an ␣1-adrenergic antagonist, injected either systemically or locally into the prefrontal cortex, was shown to reduce the locomotor hyperactivity induced by D-amphetamine (Snoddy and Tessel, 1985; Dickinson et al., 1988; Blanc et al., 1994; Darracq et al., 1998) . Finally, independent studies support a role for ␣1-adrenoreceptors in amphetamine-induced mesoaccumbens DA release (Pan et al., 1996; Darracq et al., 1998; Shi et al., 2000) .
Cortical NE might have a critical role in these effects. Indeed, noradrenergic projections are diffuse through the brain cortex, and NE concentrations exceed also those of DA in the medial prefrontal cortex (mpFC). Moreover, a large body of evidence suggests that mpFC is involved in the mediation of the rewarding and motor-stimulating effects of addictive drugs in rodents (Carter and Pycock, 1980; Bubser and Schmidt, 1990; Tzschentke and Schmidt, 1998a,b) . Finally, there is increasing evidence of a major involvement of cortical areas in addictive mechanisms. Indeed, imaging studies in humans suggest that the orbitofrontal cortex, a specific area of the prefrontal cortex, is involved in reinforced behaviors, conditioned responses, and patterns of compulsive drug intake (Volkow and Fowler, 2000) .
Amphetamine is a highly addictive psychostimulant that potently stimulates locomotor activity and has strong reinforcingrewarding effects as measured by conditioned place preference (CPP) (Vezina, 1993; Cabib et al., 2000; Robinson and Berridge, 2001) . The psychostimulant releases NE more potently than DA (Kuczenski and Segal, 1997; Rothman et al., 2001) . However, although a number of recent reports indicate an involvement of mpFC NE in Amph-induced hyperlocomotion and mesoaccumbens DA release (Blanc et al., 1994; Darracq et al., 1998) , there are no data on the role of mpFC NE in the rewarding effects of this psychostimulant.
We investigated the effects of mpFC selective NE depletion on rewarding-reinforcing effects of amphetamine as measured by the CPP in mice of the C57BL/6J inbred strain, a background commonly used in molecular approaches that is known to be highly susceptible to the stimulating-rewarding effects of amphetamine (Puglisi-Allegra and Cabib, 1997; Cabib et al., 2000) . Moreover, we evaluated the effects of prefrontal NE depletion on Amph-induced mesoaccumbens DA release. Indeed, there is convincing evidence for a major role of mesoaccumbens DA release in CPP induced by amphetamine (Carr and White, 1986; Olmstead and Franklin, 1996; Schildein et al., 1998) .
Materials and Methods

Animals
Male mice of the inbred C57BL/6JIco (C57) strain (Charles River, Calco, Italy), 8 -9 weeks old at the time of experiments, were housed as described previously (Ventura et al., 2001) . Each experimental group consisted of 5-12 animals. All experiments were conducted according to the Italian national law (DLM. 116/92) on the use of animals for research.
Drugs
D-Amphetamine sulfate, chloral hydrate, 6-hydroxydopamine (6-OHDA), and GBR 12909 (GBR) were purchased from Sigma (Milan, Italy). Amph (2.5 mg/kg), chloral hydrate (450 mg/kg), and GBR (15 mg/Kg) were dissolved in saline (0.9% NaCl) and injected intraperitoneally in a volume of 10 ml/kg. 6-OHDA was dissolved in saline containing Na-metabisulphite (0.1 M).
Conditioned place preference
Behavioral experiments were performed using CPP apparatus (Cabib et al., , 2000 . The apparatus comprised two gray Plexiglas chambers (15 ϫ 15 ϫ 20 cm) and a central alley (15 ϫ 5 ϫ 20 cm). Two sliding doors (4 ϫ 4 cm) connected the alley to the chambers. In each chamber, two triangular parallelepipeds (5 ϫ 5 ϫ 20 cm) made of black Plexiglas and arranged in different patterns (always covering the same surface of the chamber) were used as conditioned stimuli. The training procedure for place conditioning was described previously by Cabib et al. (1996 Cabib et al. ( , 2000 . Briefly on day 0 (pretest), mice were free to explore the entire apparatus for 15 min. During the following 9 d (conditioning phase), mice were confined daily for 40 min alternatively in one of the two chambers. For each animal, during the conditioning phase, one of the patterns was consistently paired with saline and the other one with either saline or Amph (2.5 mg/kg). Pairings were balanced so that, for one-half of each experimental group, Amph was paired with one of the patterns and one-half of them with the other one. Testing was conducted on day 10 as for the pretest procedure.
Behavioral data were collected and analyzed by "EthoVision" (Noldus Information Technology, Wageningen, The Netherlands), a fully automated video tracking system (Spink et al., 2001) . Briefly, a CCD video camera records the experimental system. The signal is then digitized (by a hardware device called a frame grabber) and passed on to the memory of the computer. Later on, digital data are analyzed by means of the EthoVision software to obtain "distance moved" (in millimeters), used as measure of locomotion, and "time spent" (in seconds), used as raw data for preference scores, in each sector of the apparatus by each subject.
Microdialysis
Animals were anesthetized with chloral hydrate, mounted in a stereotaxic frame (David Kopf Instruments, Tujunga, CA) equipped with a mouse adapter, and implanted unilaterally with a guide cannula (stainless steel; shaft outer diameter, 0.38 mm; Metalant, Stockholm, Sweden,) in the mpFC or in the NAc. The length of the guide cannula was 1 mm for mpFC and 4.5 mm for NAc. The guide cannula was fixed with epoxy glue, and dental cement was added for additional stabilization. The coordinates from bregma [measured according to the atlas of Franklin and Paxinos (1998) ] were as follows (in mm): ϩ2.52 anteroposterior and 0.6 lateral for mpFC; and ϩ1.60 anteroposterior and 0.6 lateral for NAc [including mostly the shell subdivision (Franklin and Paxinos, 1998) ]. The probe (dialysis membrane length, 2 mm for mpFC and 1 mm for NAc; outer diameter of 0.24 mm; MAB 4 cuprophane microdialysis probe; Metalant) was introduced 24 hr after implantation of the guide cannula. The animals were lightly anesthetized to facilitate manual insertion of the microdialysis probe into the guide cannula. The membranes were tested for in vitro recovery of DA and NE on the day before use to verify recovery.
The microdialysis probe was connected to a CMA/100 pump (Carnegie Medicine, Stockholm, Sweden), through polyethelene-20 tubing and an ultra-low torque dual-channel liquid swivel (model 375/D/22QM; Instech Laboratories, Plymouth Meeting, PA) to allow free movement. Artificial CSF (in mM: 147 NaCl, 2.2 CaCl 2 , and 4 KCl) (Pontieri et al., 1995) was pumped through the dialysis probe at a constant flow rate of 2 l/min. Experiments were performed 22-24 hr after probe placement. Each animal was placed in a circular cage provided with microdialysis equipment (Instech Laboratories) and with home cage bedding on the floor. Dialysis perfusion was started 1 hr later. After the start of the dialysis perfusion, mice were left undisturbed for ϳ2 hr before collection of baseline samples. Dialysate was collected every 20 min for 180 min. Three baseline samples before drug treatment were collected. Only data from mice with a correctly placed cannula have been reported. Placements were judged by methylene blue staining. In Figure 1 is represented the location of microdialysis probes in the mpFC and the NAc. Twenty microliters of the dialysate samples were analyzed by HPLC. The remaining 20 l were kept for possible subsequent analysis. Concentrations (pg/20 l) were not corrected for probe recovery. The mean concentration of the three samples collected immediately before treatment (Ͻ10% variation) was taken as basal concentration.
The HPLC system consisted of an Alliance (Waters Corporation, Milford, MA) system and a coulometric detector (model 5200A Coulochem II; ESA, Chelmsford, MA) provided with a conditioning cell (M 5021) and an analytical cell (M 5011). The conditioning cell was set at 400 mV, electrode 1 at 200 mV, and electrode 2 at Ϫ250 mV. A Nova-Pack C18 column (3.9 ϫ 150 mm; Waters Corporation) maintained at 33°C was used. The flow rate was 1.1 ml/min. The mobile phase was as described previously (Westerink et al., 1998) . The detection limit of the assay was 0.1 pg.
NE depletion in the mpFC
Anesthesia and surgical set are described in the preceding paragraph. Animals were injected with GBR (15 mg/kg) 30 min before 6-OHDA microinjection to protect dopaminergic neurons. Bilateral injection of 6-OHDA (1.5 g/0.1 l/2 min for each side), was made into the mpFC [coordinates: ϩ2.52 anteroposterior, Ϯ0.6 lateral; Ϫ2.0 ventral with respect to bregma (Franklin and Paxinos, 1998) ], through a stainless steel cannula (0.15 mm outer diameter; UIMED, Lausanne, Switzerland), connected to a 1 l syringe by a polyethylene tube and driven by a CMA/100 pump. The cannula was left in place for an additional 2 min after the end of the infusion. Sham animals (Sham) were subjected to the same treatment but received intracerebral vehicle. Animals were used for microdialysis or behavioral experiments 7 d after surgery.
NE and DA tissue levels in the mpFC as well as in the NAc were assessed as described previously (Ventura et al., 2001) to evaluate the amount and the extent of depletion. The brain was fixed vertically on the freeze plate of a freezing microtome. Punches of both hemispheres were obtained from brain slices (coronal sections) no thicker than 300 m. Stainless steel tubes of 0.8 (NAc) or 2.3 mm (mpFC) inner diameter were used. The coordinates were measured according to the atlas of Franklin and Paxinos (1998) as follows (coronal sections as mm from bregma): mpFC, two slices from 2.96 to 2.34; NAc, three slices from 1.70 to 0.98. In Figure 1 is represented punching localization. The punches were stored in liquid nitrogen until the day of analysis.
DA and NE were determined simultaneously using a reverse-phase HPLC procedure coupled with Coulochem electrochemical detection. On the day of the analysis, frozen samples were weighed and homogenized in 0.1N HClO 4 containing 6 mM Na-metabisulphite and 1 mM EDTA. The homogenates were centrifuged at 10,000 ϫ g for 20 min at 4°C. Aliquots of the supernatant were transferred to the HPLC system. The HPLC system was described in the preceding paragraph, with the potentials being set at ϩ450 and ϩ100 mV at the analytical and the conditioning cells, respectively. The column, a Nova-Pack phenyl column (3.9 ϫ 150 mm) and a Sentry Guard Nova-Pack precolumn (3.9 ϫ 20 mm) were purchased from Waters Corporation. The flow rate was 1 ml/min. The mobile phase consisted of 3% methanol in 0.1 M Naphosphate buffer, pH 3, 0.1 mM Na2 EDTA, and 0.5 mM 1-octane sulfonic acid Na salt (Aldrich, Milwaukee, WI).
Statistics
NE depletion. The effects of prefrontal NE depletion on tissue levels of DA and NE in the mpFC and in the NAc were analyzed by two-way ANOVA, with factors as follows: lesion (two levels: Sham and NE depleted); and experiment (three levels: behavioral experiment, microdialysis in the NAc, and microdialysis in the mpFC) (n ϭ 85). Individual betweengroup comparisons, when appropriate, were performed by post hoc test (Duncan's multiple range test).
Conditioned place preference. For CPP experiments, statistical analyses were performed on preference scores, assessed by calculating the time spent in Amph (Paired) and saline-paired (Unpaired) compartments on the test day minus the time spent in the same compartments on the pretest session. In the case of animals receiving saline pairing with both compartments, the Paired compartment was identified as the first to which they were exposed. Data from CPP experiments (n ϭ 23) were analyzed using repeated-measures ANOVA, with one between factor (lesion, two levels: Sham and NE depleted) and one within factor (pairing, two levels: Paired and Unpaired) for both saline-and Amph-treated mice. Locomotor activity was analyzed by three-way ANOVA, with the factors being treatment (two levels: saline and Amph), lesion (two levels: Sham and NE depleted), and day [two levels: first day (first pairing) and last day (last pairing)]. Simple effects were assessed by one-way ANOVA.
Microdialysis. Statistical analyses were performed on raw data (concentrations, pg/20 l). The effects of Amph on extracellular NE levels in the mpFC was analyzed by repeated-measures ANOVA with one between factor (treatment, two levels: saline and Amph) and one within factor (minutes, seven levels: 0, 20, 40, 60, 80, 100, and 120) (n ϭ 18). The effects of prefrontal NE depletion on DA release in the NAc of animals (n ϭ 47) challenged with Amph were analyzed by repeated-measures ANOVA, with two between factors (treatment, two levels: saline and Amph; and lesion, two levels: Sham and NE depleted) and one within factor (minutes, seven levels: 0, 20, 40, 60, 80, 100, and 120) . The effects of prefrontal NE depletion on NE and DA release in the mpFC of animals (n ϭ 15) challenged with Amph were analyzed by repeated-measures ANOVA, with one between factor (lesion, two levels: Sham and NE depleted) and one within factor (minutes, nine levels: Ϫ40, Ϫ20, 0, 20, 40, 60, 80, 100, and 120). Simple effects were assessed by one-way ANOVA for each time point. Individual between-group comparisons, when appropriate, were performed by post hoc test (Duncan's multiple range test).
Results
NE depletion
Statistical analysis for effects of prefrontal NE depletion on DA and NE tissue levels in the mpFC showed no significant experiment effect and a significant lesion effect (F (2,79) ϭ 7.08; p Ͻ 0.0005) only for NE values, whereas dopamine levels did not differ significantly. No significant experiment or lesion effect was evident for either NE or DA in the NAc (Table 1) .
Conditioned place preference
The effects of NE depletion in the medial prefrontal cortex on Amph-induced place conditioning are shown in Figure 2 . The results showed no preference for either compartment by animals that had experienced saline pairing with both compartments, regardless of the lesion condition (Sham or NE depleted) (Fig.  2 A) . As for animals from the Amph-treated groups, ANOVA revealed a significant pairing ϫ lesion interaction (F (1,11) ϭ 6.3; p Ͻ 0.05). Sham group animals showed a significant preference for the Amph-paired compartment (F (1,12) ϭ 7.6; p Ͻ 0.05), but Amph failed to induce any preference for the drug-paired compartment in the NE-depleted group (Fig. 2 B) .
The effects of Amph-induced locomotor activity are shown in Figure 3 . ANOVA showed significant lesion (F (1,38) ϭ 8.58; p Ͻ 0.01) and treatment main effects (F (1,38) ϭ 122.2; p Ͻ 0.0005) and a significant treatment ϫ day interaction (F (1,38) ϭ 17.7; p Ͻ 0.0005). Simple effect analyses revealed significant effects of lesion and day only in Amph-treated groups. Amph-treated animals from both Sham and NE-depleted groups showed significantly increased locomotor activity on the last day compared with that exhibited on the first drug pairing. Moreover, betweengroup comparisons showed that Amph-induced locomotor activity in NE-depleted mice was higher than that induced in Sham mice on the last day (Fig. 3B ).
Microdialysis
The effects of Amph on NE release in the mpFC are shown in Figure 4 . Statistical analyses revealed a significant treatment ϫ minutes interaction (F (1,96) ϭ 9.52; p Ͻ 0.0005). Simple effect analyses revealed a significant effect of minutes only for Amph and a significant difference between saline and Amph at all time points. Amph produced a clear-cut increase in NE compared with saline along the 120 min postinjection period, reaching a maximal of ϳ400% increase at 40 min after injection. No significant effect was evident in saline-injected mice.
The effects of prefrontal NE depletion on DA release induced by systemic Amph in the NAc are shown in Figure 5 . Statistical analyses revealed a significant treatment ϫ lesion ϫ minutes interaction (F (1,258) ϭ 5.63; p Ͻ 0.0005). Simple effect analysis revealed a significant effect of minutes only for Amph and significant difference between saline and Amph. Amph produced a significant increase in DA release in the NAc of Sham mice com- To assess whether selective NE depletion in the mpFC affected extracellular NE and DA, we measured the effects of Amph on prefrontal cortical amine outflow. The effects of prefrontal NE depletion on NE and DA release induced by systemic Amph in the mpFC are shown in Figure 6 . Statistical analyses revealed a significant lesion ϫ minutes interaction (F (1,104) ϭ 33.72; p Ͻ 0.0005) for NE only. Simple effect analyses revealed a significant effect of minutes only for the Sham group and a significant difference between Sham and NE-depleted groups at all time points after Amph injection. No significant differences were evident in basal extracellular NE between Sham and NE-depleted animals. However, no significant changes occurred in NE-depleted cortex after Amph challenge. No significant differences were evident between Sham and NE-depleted animals in both basal and Amph-induced extracellular DA.
Discussion
The first major finding in the present study is that prefrontal NE depletion blocks CPP induced by systemic Amph. In fact, whereas Sham mice exhibited a significant preference for the Amph-paired compartment, no preference was evident in the NE-depleted group. If anything, the latter group displayed a nonsignificant preference for the saline-paired compartment. Preference for the compartment not paired with Amph is attributable to an increase in the time spent in this compartment on the test day. In NE-depleted animals, this possibly indicates a slightly aversive reaction to the drug-paired compartment (Cabib et al., 
1996, 2000)
. In alternation as well as in addition, the increase in the time spent in the compartment paired previously with vehicle might indicate thorough exploration of an environment perceived as novel because of memory disturbances promoted by pFC NE depletion (Kobayashi et al., 2000; Gibbs and Summers, 2002.) . Amph may have facilitated memorization of the drugpaired compartment in NE-depleted mice by its action on a different brain area (Mattay et al., 1996; Hsu et al., 2002) or on a different neurotransmitter (Castellano et al., 1996) , leading on the test day to lower exploration of a known and slightly aversive environment. This likelihood warrants future specific experimental testing because it further supports the implication of a selective reduction of the positive reinforcing effects of Amph in the NE-depleted group. Meanwhile, the locomotor activity data offer indirect support to the hypothesis that prefrontal cortical NE depletion selectively affects the positive reinforcing effects of Amph. Indeed the NE-depleted group exhibited clear evidence of behavioral sensitization to the locomotor stimulating effects of Amph on the last day of pairing. It should be pointed out that mice of the C57 strain are characterized by low susceptibility to context-independent and high susceptibility to context-dependent sensitization (for review, see Puglisi-Allegra and Cabib, 1997) a phenomenon that is highly dependent on the ability to associate the context with the drug effects. Thus, mpFC NE depletion does not interfere with associative processes in Amph-treated animals.
The effects of selective NE depletion on the rewarding effects of Amph reported here may appear at odds with previous reports of an absence of any effect of excitotoxic pFC lesions on Amphinduced CPP (Tzschentke and Schmidt 1998a) . Nonetheless, this discrepancy is not surprising in view of the conflicting results obtained by different manipulations of pFC on behavioral responses to the psychostimulant. Thus, although excitotoxic lesions as well as ablation of the pFC have been reported to promote enhanced locomotor response to Amph (Whishaw et al., 1992; Dalley et al., 1999; Roffman et al., 2000) , in some research no effect of pFC lesions on Amph-induced locomotion was found (Burns et al., 1993; Tzschentke and Schmidt, 1998a) . Moreover, excitotoxic lesions do not always reproduce the effects of cortical aminergic depletion (Collins et al., 1998) . We found that prefrontal NE depletion blocked CPP but did not reduce the motor-activating effects induced by Amph. Our results are in agreement with a number of studies indicating only very weak or no correlation between the motor stimulating and rewardingreinforcing effects of drugs of abuse (for review, see Tzschentke, 1998) . However, previous studies have reported that reduced NE transmission prevents the locomotor hyperactivity induced by intra-NAc injection of Amph (Blanc et al., 1994) and reduces the acute locomotor effect of systemic Amph (Drouin et al., 2002a) . Moreover, mice lacking the ␣1-subtype adrenergic receptors have been shown to exhibit lower Amph-induced locomotor activity than the wild-type (Drouin et al., 2002b) .
Discrepancies between these previous and the present results may depend on differences in the testing condition. Thus, different from experimental procedures specifically aimed at assessing locomotor effects of psychostimulants (Cabib et al., 2000; Auclair et al., 2002) , we did not use prolonged habituation to the testing cages before drug challenge, to avoid the risk of a latent inhibition of association between drug effects and environmental stimuli. Nevertheless, studies using NE depletion indicated preserved locomotor response to Amph Geyer et al., 1986; Mohammed et al., 1986) . Therefore, it may be that manipulations of NE transmission promote complex effects that depend on the extent and/or selectivity of alterations of cortical functioning.
It is worth noting that we used an original experimental procedure to induce a massive but selective prefrontal NE depletion (Ͼ 90%), producing only a weak, nonsignificant reduction in tissue DA levels (ϳ7%), without affecting either DA or NE tissue levels in the NAc. To the best of our knowledge, this is the first report of the effects of a selective neurotoxic lesion of prefrontal NE. Although the NE depletion produced a dramatic decrease in the neurotransmitter tissue levels in the mpFC, basal extracellular NE values in dialysate were not different from those of Sham animals. These results suggest that spared noradrenergic afferents develop a compensatory response that leads to an extracellular NE outflow similar to that of Sham animals, in agreement with previous studies based on nonselective NE depletion (Abercrombie and Zigmond, 1989; Hughes and Stanford, 1998) . Whether this compensatory response depends on increased neurotransmitter synthesis or on other mechanisms remains to be ascertained. However, NE depletion abolished the noradrenergic response to Amph challenge in the mpFC, possibly indicating that compensatory response does not allow additional increase in NE outflow after Amph challenge.
The second important finding of this study is the dramatic reduction of amphetamine-induced DA release in the NAc of prefrontal NE-depleted mice. Thus, in the Sham group, systemic Amph produced a large and significant increase in DA outflow in the NAc (ϳ350% maximal increase), which reached a peak value at 40 min after injection. Conversely, no significant increase was observable in the NAc of NE-depleted animals, thus pointing to intact noradrenergic transmission within the mpFC being a necessary condition for Amph-stimulated DA release within the NAc. Very recent results showing that Amph fails to increase extracellular DA in the NAc of mice lacking ␣1b-adrenergic receptors (Auclair et al., 2002 ) support this view.
The present results cannot be ascribed to reduced DA or NE tissue levels in the NAc that were not affected by prefrontal cortical NE depletion, thus ruling out that the 6-OHDA diffused to the NAc.
Cortical NE may participate in the Amph-promoted DA release within the NAc through different mechanisms. First, it might activate the excitatory prefronto-cortical projection to the ventral tegmental area (VTA). Indeed, recent results have revealed an NE-dependent excitation of VTA DA neurons in Amph-treated animals (Shi et al., 2000) , thus supporting the view that a functional amount of Amph-induced mesoaccumbens DA release is impulse flow dependent (Darracq et al., 1998; Shi et al., 2000; Paladini et al., 2001 ). Second, it might activate corticoaccumbal glutamatergic projections that stimulate AMPA-kain- ate NMDA presynaptic receptors located on DA nerve terminals facilitating release (Darracq et al., 2001 ). Third, it might facilitate the ionotropic receptor-mediated activation of efferent inhibitory GABAergic neurons. These neurons participate in a double inhibition loop involved in the control of DA cell activity by local GABAergic neurons (Darracq et al., 2001) . The marked effect of cortical NE depletion on Amph-induced accumbal DA release in our experiments points to the involvement of all three mechanisms. Thus, elimination of the NE-mediated excitatory input to VTA DA neurons, of the facilitation of DA release by NMDA receptor within the accumbens, and of inhibitory control of GABAergic tonic inhibition of DA cells might have contributed to a strong reduction of the psychostimulant effects on DA release within the accumbens. It is worth noting that NE depletion did not affect prefrontal cortical DA response to Amph, which may contribute to inhibition of accumbal DA release through activation of D 1 receptors located on cortical glutamatergic efferents (Tassin, 1998) . A role of D 4 DA receptors in the effects of NE has to be taken into account in the light of affinity of NE for this receptor subtype and of their possible involvement in the effects of Amph (Newman-Tancredi et al., 1997; Feldpausch et al., 1998) .
Together, the disruption of these various mechanisms by mpFC NE depletion may converge to inhibit the activity of DA neurons. Blockade of DA neurons may reduce Amph-induced reversal of the membrane DA transporter (Darracq et al., 2001) , providing an explanation of the virtual absence of Amphinduced mesoaccumbens DA release in prefrontal cortical NEdepleted animals. Finally, the dramatic reduction in Amphinduced mesoaccumbens DA release in NE-depleted mice reinforce the behavioral data, indicating blockade of the reinforcing-rewarding effects of the psychostimulant. Indeed, there is convincing evidence to support a major role of mesoaccumbens DA release in CPP induced by amphetamine (Carr and White, 1986; Olmstead and Franklin, 1996; Schildein et al., 1998) .
In conclusion, our results for the first time demonstrate a critical role of prefrontal NE transmission in the mediation of the reinforcing-rewarding effects of amphetamine through modulation of DA release in the NAc.
